Searching PAJ 



1/1 V 



PATENT ABSTRACTS OF JAPAN 

(1 1 Publication number : 2005-1 1 9945 

(43)Date of publication of application : 1 2.05.2005 



(51)Int.CI. C04B 35/49 

H01L 41/187 

H01L 41/22 

H01L 41/24 



(21 Application number : 2004-241 632 (71 Applicant : TDK CORP 
(22)Date of filing : 20.08.2004 (72)Inventor : AZUMA TOMOHISA 

HIROSE MASAKAZU 



(30)Priority 

Priority number : 2003331915 Priority date : 24.09.2003 Priority country : JP 



(54) PIEZOELECTRIC CERAMIC COMPOSITION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a piezoelectric ceramic composition suitably used as a 
resonator and having excellent heat resistance. 

SOLUTION: The piezoelectric ceramic composition includes a perovskite compound containing 
Pb, Zr and Ti as main components, wherein a change A F0 in oscillation frequency F0 between 
before and after receiving thermal shock from the outside is <0.10% in the absolute value. The 
composition of the piezoelectric ceramic composition is expressed by Pb Q?[(Mn1/3Nb2/3) 
xTiyZrz]03. where it is desirable that 0.95<Of <1.02, 0.02<x<0.15, 0.48<y<0.62 and 0.30<z<0.50. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 
[Claim 1] 

It is a piezoelectric-ceramics constituent containing a perovskite compound which uses Pb, Zr, 
and Ti as the main ingredients, 

A piezoelectric-ceramics constituent, wherein the rate of change deltaFO of the next oscillating 
frequency FO is 0.10% or less in an absolute value before receiving a thermal shock from the 
outside and. 
[Claim 2] 

The piezoelectric-ceramics constituent according to claim 1 characterized by including Mn 
and/or Nb further as said main ingredients. 
[Claim 3] 

It is a piezoelectric-ceramics constituent containing a perovskite compound which uses Pb, Zr, 
Ti, Mn, and Nb as the main ingredients, 

Pbalpha[(Mn 1/3 Nb 2/3 ) x Ti y Zr z ] 0 3 — a table — the bottom — the time — 0.95<=alpha<=1.02, 

0.02<=x<=0.15, 0.48<=y<=0.62, and 0.30<=z<=0.50 — come out and it is — and 

A piezoelectric-ceramics constituent, wherein the rate of change deltaFO of the next oscillating 

frequency FO is 0.10% or less in an absolute value before receiving a thermal shock from the 

outside and. 

[Claim 4] 

said piezoelectric-ceramics constituent — as an accessory constituent — Mn — MnC0 3 

conversion — less than 0.65wt% (however, 0 is not included) and/or Cr — Cr 2 0 3 conversion — 

less than 0.65wt% (however, 0 is not included) — the containing piezoelectric-ceramics 
constituent according to any one of claims 1 to 3. 
[Claim 5] 

as an accessory constituent — aluminum — aluminum 2 0 3 conversion — less than 2.0wt% 

(however, 0 is not included) and/or Sc — Sc 2 0 3 conversion — less than 2.0wt% (however, 0 is 

not included) — the containing piezoelectric-ceramics constituent according to claim 4. 
[Claim 6] 

The piezoelectric-ceramics constituent according to any one of claims 1 to 5, wherein Curie- 
temperature Tc of said piezoelectric-ceramics constituent is not less than 340 **. 
[Claim 7] 

The piezoelectric-ceramics constituent according to any one of claims 1 to 6, wherein the mode 
of vibration of said piezoelectric-ceramics constituent is thickness slide vibration. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[Field of the Invention] 

[0001] 

This invention relates to the suitable piezoelectric-ceramics constituent for a resonator etc. 

[Background of the Invention] 

[0002] 

The piezoelectric-ceramics constituent is widely used as a material of piezoelectric elements, 
such as a resonator, a filter, a resonator, an actuator, an ignition element, or an ultrasonic motor. 
Most piezoelectric-ceramics constituents put in practical use now comprise a ferroelectric 
which has perovskite structures, such as a PZT (PbZr0 3 -PbTi0 3 solid solution) system of a 

pyramidal quadratic system or a rhombohedral system, and PT (PbTiO s ) system, in near a room 

temperature. 
[0003] 

By the way, surface mount-ization of parts is progressing rapidly with the miniaturization of an 
electronic device including communication equipment in recent years. In the case of a surface 
mount, the piezoelectric element by which temporary mounting was carried out is soldered to a 
base. It is not desirable for the characteristics (for example, resonance frequency, oscillating 
frequency, etc.) of a piezoelectric element to shift from the early characteristic greatly after the 
soldering treatment accompanied by heating. For this reason, various examination is performed in 
order to raise the heat resistance of a piezoelectric-ceramics constituent (for example, refer to 
patent documents 1 -6). 
[0004] 

For example, in the patent documents 1-3, after annealing the piezoelectric-ceramics 
constituent sintered compact of a PZT system at 0.8 or less time [ of Curie temperature ] 
temperature 0.4 or more times after polarization for 1 hour or more, grinding what passed at 
ordinary temperature for 48 hours or more, and considering it as a piezoelectric resonator is 
indicated. 

While impressing and polarizing a not less than 3.5kV/mm direct-current electric field in the 
patent documents 4 in a 130-180 ** temperature requirement, It is indicated that the 
piezoelectric-ceramics constituent with it which has little electrical property change is obtained 
also at the soldering mounting temperature of about 280 ** by heat-treating at 220-280 ** 
where between the polarized electrodes of a polarization finishing sintered compact is short- 
circuited. [ to the resonance frequency change by a temperature cycle ] [ little ] 
Where the inter-electrode one for polarization is short-circuited with the patent documents 5 
and 6, heat-treating under the conditions that the product of heat treatment temperature and 
heat treating time becomes more than 1800 (** and time) is indicated under the temperature of 
1 50-250 **. 
[0005] 

[Patent documents 1] JP,8-333158,A (a claim, an example) 
[Patent documents 2] JP.8-3331 59,A (a claim, an example) 
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[Patent documents 3] JP,8-333160,A (a claim, an example) 
[Patent documents 4] JP,1 1-2091 76,A (a claim, an example) 
[Patent documents 5] JP,1 1-32241 9,A (a claim, an example) 
[Patent documents 6] JP,1 1-322420,A (a claim, an example) 
[Description of the Invention] 
[Problem(s) to be Solved by the Invention] 
[0006] 

As mentioned above, the piezoelectric-ceramics constituent is used for various uses, such as a 

resonator, a filter, and a resonator, but in using a piezoelectric-ceramics constituent as a 

resonator, oscillating frequency serves as an important element especially. 

However, although the examination for making small the rate of change of the resonance 

frequency after a heat test is made in the patent documents 1-6, the consideration about the 

rate of change of the oscillating frequency after a heat test is not found. 

Then, this invention makes it a technical problem to provide the piezoelectric-ceramics 

constituent excellent in the heat resistance suitably used as a resonator. 

[Means for Solving the Problem] 

[0007] 

A basis of this purpose and this invention person were controlling a presentation of a 
piezoelectric-ceramics constituent, and manufacturing conditions of a piezoelectric-ceramics 
constituent, and before they received a thermal shock from the outside, they succeeded in 
obtaining a piezoelectric-ceramics constituent with the small rate of change deltaFO of the next 
oscillating frequency F0. Namely, this invention contains a perovskite compound which uses Pb, 
Zr, and Ti as the main ingredients, Before receiving a thermal shock from the outside, the rate of 
change deltaFO (the rate of change deltaFO of the oscillating frequency F0 is only hereafter 
called "deltaFO") of the next oscillating frequency F0 is a piezoelectric-ceramics constituent 
characterized by being 0.10% or less in an absolute value. 

It adds to Pb, Zr, and Ti and it is desirable to include Mn and/or Nb further as the main 
ingredients. What contains Mn and/or Nb as the main ingredients also in a PZT system ceramic 
composition has Curie-temperature Tc higher than a ceramic composition of not less than 340 
** and a statement in the patent documents 1-6 mentioned above. Thus, while potential over 
heat resistance chooses a high presentation, deltaFO becomes possible [ obtaining a 
piezoelectric-ceramics constituent in which the outstanding heat resistance of 0.10% or less is 
shown ] in an absolute value by controlling manufacturing conditions of a piezoelectric-ceramics 
constituent. A piezoelectric-ceramics constituent in this invention is preferred as a resonator. 
Here, a value of deltaFO in this invention is calculated for 24 hours based on a heat test. After 
the contents of the heat test wrap a piezoelectric-ceramics constituent in aluminum foil for 24 
hours and being immersed in a 265 ** solder bath for 10 seconds, aluminum foil is removed, and 
it says that it makes it allow to stand at a room temperature for 24 hours, and deltaFO is 
calculated from each oscillating frequency measured a solder bath immersion front and after 24- 
hour neglect. 
[0008] 

a presentation of a piezoelectric-ceramics constituent — PbaIpha[(Mn 1/3 Nb 2/3 ) x Ti y Zr z ] 0 3 — a 

table — the bottom — the time — 0.95<=alpha<=1 .02, 0.02<=x<=0.15, 0.48<=y<=0.62, and 
0.30<=z<=0.50 — it is — things — it is desirable . In this formula, it is desirable that it is 
x+y+z=1 . 

moreover — as an accessory constituent — Mn — MnC0 3 conversion — less than 0.65wt% 
(however, 0 is not included) and/or Cr — Cr 2 0 3 conversion — less than 0.65wt% (however, 0 is 
not included) — when containing makes deltaFO small, it is effective. 

further — again — as an accessory constituent — aluminum — aluminum 2 0 3 conversion — less 
than 2.0wt% (however, 0 is not included) and/or Sc — Sc 2 0 3 conversion — less than 2.0wt% 
(however, 0 is not included) — it can contain. 

The mode of vibration of a piezoelectric-ceramics constituent obtained by this invention can be 
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considered as thickness slide vibration. 

[Effect of the Invention] 

[0009] 

According to this invention, the piezoelectric-ceramics constituent excellent in heat resistance 
can be obtained. 

[Best Mode of Carrying Out the Invention] 
[0010] 

Hereafter, based on an embodiment, the piezoelectric-ceramics constituent by this invention is 

explained in detail. 

[0011] 

<Chemical composition> 

As for the piezoelectric-ceramics constituent by this invention, it is desirable to have the basic 
composition especially shown by the following formulas (1) including the perovskite compound 
which uses Pb, Zr, and Ti as the main ingredients. Chemical composition here says the final 
composition after sintering. 
[0012] 
[Equation 1] 

Pb.I (Mn l/3 Nb 2/3 ) Ji y ZrJ0 3 •••5£ (l) 

^ (1) t 0. 95<a^l. 02, 
0.02^x^0.15, 
0. 48SygO. 62, 



[0013] 

Next, the reason for limitation of alpha in a formula (1), x, y, and z is explained, 
alpha which shows the amount of Pb(s) is taken as the range of 0.95<=alpha<=1 .02. It is difficult 
for alpha to obtain a precise sintered compact by less than 0.95. On the other hand, if alpha 
exceeds 1.02, at the time of calcination, there will be much volatilization of Pb and it will become 
difficult to obtain the sintered compact which has a uniform organization. Therefore, alpha is 
taken as the range of 0.95<=alpha<=1.02. The desirable range of alpha is 0.96<=alpha<=1.01, and 
the more desirable range is 0.97<=alpha<=1.00. 

x which determines the amount of Mn and the amount of Nb(s) is taken as the range of 
0.02<=x<=0.15. It is difficult for x to obtain a precise sintered compact by less than 0.02. On the 
other hand, if x exceeds 0.15, desired heat resistance cannot be obtained. Therefore, x is taken 
as the range of 0.02^— x<^— 0.15. The desirable range of x is 0.03^— x^— 0.12, and a more desirable 
range is 0.05<=x<=0.1 1. 

y which shows Ti quantity is taken as the range of 0.48<=y<=0.62. y cannot obtain good heat 
resistance by less than 0.48. On the other hand, if y exceeds 0.62, the coercive electric field Ec 
will become large, and it becomes difficult to carry out sufficient polarization. Therefore, y is 
taken as the range of 0.48<=y<=0.62. The desirable range of y is 0.49<=y<=0.60, and a more 
desirable range is 0.50<=y<=0.55. 

z which shows the amount of Zr is taken as the range of 0.30<=z<=0.50. By less than 0.30, the 
coercive electric field Ec becomes large and z becomes difficult [ it / to carry out sufficient 
polarization ]. On the other hand, if z exceeds 0.50, desired heat resistance cannot be obtained. 
Therefore, z is taken as the range of 0.30<=z<=0.50. The desirable range of z is 0.36<=z<=0.46, 
and a more desirable range is 0.37<=z<=0.42. 
In a formula (1), it is desirable that it is x+y+z=1. 
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[0014] 

The piezoelectric-ceramics constituent by this invention can contain Mn and/or Cr of the 
specified quantity as an accessory constituent- When content of Mn raises a degree of sintering, 
it is effective. When it contains Mn as an accessory constituent, the desirable amount of Mn, 
Less than 0.65wt% (however, 0 is not included) and the more desirable amount of Mn are less 
than 0.50wt% (however, 0 is not included) in MnC0 3 conversion to Pbalpha[(Mn 1/3 Nb 2/3 ) x Ti y Zr z ] 

0 3 in a formula (1). In MnC0 3 conversion, the still more desirable amount of Mn is 0.01 - 

0.40wt%, and the much more desirable amount of Mn is 0.05 - 0.30wt%. 

On the other hand, when heat treatment explained in full detail below is applied and Cr raises 
deltaFO, it is a good element. When it contains Cr, quantity of desirable Cr by Cr 2 0 3 conversion 

to Pbalpha[(Mn 1/3 Nb 2/3 ) x Ti y Zr z ] 0 3 in a formula (1) Less than 0.65wt%. (However, 0 not being 

included) and the more desirable amount of Cr(s) are less than 0.50wt% (however, 0 is not 
included). In Cr 2 0 3 conversion, the still more desirable amount of Cr(s) is 0.01 - 0.30wt%, and the 

much more desirable amount of Cr(s) is 0.01 - 0.10wt%. 

in addition — a case where compound addition of Mn and the Cr is carried out — the total 
quantity — 0.01 - 0.65wt% — desirable — 0.01 - 0.50wt% — more — desirable — 0.02 - 0.30wt% 
— it may be 0.02 - 0.20wt% much more desirably. 
[0015] 

In addition to above-mentioned Mn and/or Cr, aluminum and/or Sc of the specified quantity can 
be contained as an accessory constituent. Content of aluminum is effective at a point which 
raises intensity of a sintered compact. When it contains aluminum as an accessory constituent, 
desirable Al quantity, Less than 2.0wt% (however, 0 is not included) and more desirable Al 
quantity are less than 1.5wt% (however, 0 is not included) in aluminum 2 0 3 conversion to Pbalpha 

[(Mn 1/3 Nb 2/3 ) x Ti y Zr z ] 0 3 in a formula (1). Still more desirable Al quantity is 0.3 - 1.0wt% in 

aluminum 2 0 3 conversion. 

Content of Sc is effective at a point which raises intensity of a sintered compact like aluminum. 
When it contains Sc as an accessory constituent, the desirable amount of Sc, Less than 2.0wt% 
(however, 0 is not included) and the more desirable amount of Sc are less than 1.5wt% (however, 
0 is not included) in Sc 2 0 3 conversion to PbaIpha[(Mn 1/3 Nb 2/3 ) x Ti y Zr 2 ] 0 3 in a formula (1). The 

still more desirable amount of Sc is 0.3 - 1.0wt% in Sc 2 O s conversion. 

[0016] 

A piezoelectric-ceramics constituent by this invention may be made to contain Si0 2 as an 
accessory constituent further again. When content of Si0 2 raises intensity of ceramics, it is 
effective. When it contains Si0 2 , the desirable amount of Si0 2 , The still more desirable amount 
of Si0 2 of the more desirable amount of Si0 2 is 0.01 - 0.03wt% 0.005 - 0.040wt% 0.005 - 
0.050wt% to Pbalpha[(Mn 1/3 Nb 2/3 ) x Ti y Zr z ] 0 3 in a formula (1). 
[0017] 

A crystal system of a piezoelectric-ceramics constituent by this invention which has the above 
presentation is ****** near a room temperature. As for a piezoelectric-ceramics constituent by 
this invention, it is desirable for Curie-temperature Tc to be not less than 340 ** and not less 
than 350 more **. 
[0018] 

A piezoelectric-ceramics constituent by this invention which has the above presentation shows 
the outstanding heat resistance of |deltaF0|<=0.1% «= [ -0.1% of] de!taF0<=0.1%), and is suitably 
used as a resonator. 
[0019] 

Here, the oscillating frequency F0 in this invention has a relation of formula (2) - (5) shown 
below, when an equivalent circuit constant is used. An equivalent circuit of a piezoelectric 
resonator is shown in drawing 1. As for resonance impedance and L^ equivalent capacity and C Q 
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of equivalent inductances and C 1 are [ R Q ] damping capacity among drawi ng 1. 

[0020] 
[Equation 2] 



fc*3, ^ (2) FO: *SfijSI&gt F r : #£Mtt«C. C, : HM», C 0 : & 
^*-c£>6 0 C,JK (5) tfl$^5„ 



[0021] 
[Equation 3] 



Q= * 2 Ctf ... * (3) 



fc*5, ^ (3) <K C, : SOTSS* F a : K#£«a£«, F r : C d : 



[0022] 
[Equation 4] 

Q^oz-q ... ^ ( 4 ) 



fc3b\ (4) =K C 0 :»j^ft, Cd : glij^ft. Cj : ifiMS*-e£>5 Q 



[0023] 
[Equation 5] 
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c, = 



£2 



... 5£ (5) 



L2 



c 



(PlA ~ Cl2 ) 



[0024] 

As shown in a formula (2), the four parameters the resonance frequency Fr, series-capacitance 
C v parallel capacity C Q , and C L influence the value of the oscillating frequency F0. And as shown 

in formula (3) - (5), two or more parameters are related to series-capacitance Cj, parallel 

capacity C Q , and C L , respectively. Here, a resonator is used as an object for the reference 

signals (clock) of a microcomputer. Although that it is the important characteristic has the 
resonance frequency Fr and the natural electromechanical coupling coefficient k15 as a 
piezoelectric-ceramics constituent, in using a piezoelectric-ceramics constituent as a resonator, 
the oscillating frequency F0 serves as the most important characteristic. 
[0025] 

Rate-of-change deltaFr of the next resonance frequency Fr before a piezoelectric-ceramics 
constituent by this invention receives a thermal shock from the outside in addition to deltaFO. 
(Rate-of-change deltaFr of the resonance frequency Fr only being hereafter called "deltaFr") 
and a value good also about the rate of change deltak15 (the rate of change deltak15 of the 
electromechanical coupling coefficient k15 is only hereafter called "deltak15") of the 
electromechanical coupling coefficient k15 are shown. Specifically, according to the 
piezoelectric-ceramics constituent by this invention, it can have the characteristic of 
|deltaFr|<=0.1% (-0.1%<=deltaFr<=0.1%) and |deltak15|<=3% (<= [ -3% of] deltakl 5<=3%) with the 
characteristic of |deltaF0|<=0.1%. Therefore, a piezoelectric-ceramics constituent by this 
invention is suitably used also as a material of piezoelectric elements, such as uses other than a 
resonator, for example, a filter, a resonator, an actuator, an ignition element, or an ultrasonic 
motor. A value of delta Fr and delta k15 in this invention is calculated for the 24 same hours as 
deltaFO mentioned above based on a heat test. 
[0026] 

Manufacturing method> 

Next, a desirable manufacturing method of a piezoelectric-ceramics constituent by this invention 
is explained to the process order. 

In a manufacturing method of a piezoelectric-ceramics constituent described below, it is 
important to make conditions of a poling process and conditions of heat treatment into the 
following not to mention having mentioned a presentation of a piezoelectric-ceramics 
constituent above. 
[0027] 

(The end of precursor powder, weighing) 

As a raw material of the main ingredients, powder of a compound which turns into an oxide with 
an oxide or heating is used. Specifically, PbO powder, Ti0 2 powder, Zr0 2 powder, MnC0 3 

powder, Nb 2 0 5 powder, etc. can be used. Weighing is carried out, respectively so that it may 

become the presentation of a formula (1) the end of precursor powder. 

next — as opposed to gross weight of each powder by which weighing was carried out — Mn as 
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an accessory constituent, and/or Or — MnC0 3 and Cr 2 0 3 conversion — less than 0.65wt% — it 

adds. As the precursor powder end of an accessory constituent, MnC0 3 powder, Cr 2 0 3 powder, 

etc. can be used. In making Si0 2 contain, it prepares Si0 2 powder further. What is necessary is 

just to choose suitably mean particle diameter in each end of precursor powder in 0.1-3.0 
micrometers. 

It is good also considering powder of a multiple oxide containing not only the end of precursor 
powder it mentioned above but two sorts or more of metal as the end of precursor powder. 
[0028] 

( Temporary quenching) 

After carrying out the wet blending of the end of precursor powder, temporary quenching which 
carries out predetermined time maintenance within the limits of 700-950 ** is performed. What 
is necessary is just to let atmosphere at this time be N 2 or the atmosphere. What is necessary is 

just to choose retention time of temporary quenching suitably in 0.5 to 5.0 hours. Mean particle 
diameter of about 0.5-2.0 micrometers pulverizes a temporary-quenching object to about 0.5-1.0 
micrometer desirably after temporary quenching. 

After mixing the precursor powder end of the precursor powder end of the main ingredients, and 
an accessory constituent, a case where temporary quenching was presented with both both was 
shown, but timing which adds the precursor powder end of an accessory constituent is not 
limited to what was mentioned above, for example, — first — powder of the main ingredients — 
weighing, mixing, and temporary quenching — and it grinds. And specified quantity addition of the 
precursor powder end of an accessory constituent is carried out, and it may be made to mix to 
powder of the main ingredients obtained after temporary-quenching grinding. 
[0029] 

(A granulation and shaping) 

In order to perform a next forming cycle smoothly the end of a pulverized powder, a granulation 
is carried out to granulation. Under the present circumstances, a little suitable binders (PVA), for 
example, polyvinyl alcohol, are added in the end of a pulverized powder, and this is sprayed and it 
dries. 

Subsequently, pressing of the granulation powder is carried out by a pressure of 200 - 300MPa, 

and a Plastic solid of desired shape is acquired. 

[0030] 

( Calcination) 

After removing a binder added at the time of shaping, heating maintenance of the predetermined 
time Plastic solid is carried out within the limits of 1100-1250 **, and a sintered compact is 
obtained. What is necessary is just to let atmosphere at this time be N 2 or the atmosphere. What 

is necessary is just to choose heating retention time suitably in 0.5 to 4 hours. 
[0031] 

(Poling process) 

A poling process is performed after forming an electrode for poling processes in a sintered 
compact. A poling process is 50-300 ** in temperature, and impresses an electric field of 1.0 - 
2.0Ec (Ec is a coercive electric field) for 0.5 to 30 minutes to a sintered compact. 
If poling process temperature will be less than 50 **, since Ec becomes high, polarization voltage 
will become high, and polarization will become difficult. On the other hand, if poling process 
temperature exceeds 300 **, since the insulation of insulation oil falls remarkably, polarization 
will become difficult. Therefore, poling process temperature shall be 50-300 **. A desirable 
poling process temperature is 60-250 **, and a more desirable poling process temperature is 
80-200 **. 

If an electric field to impress is less than 1.0Ec, polarization will not advance. On the other hand, 
if an electric field to impress exceeds 2.0Ec, actual voltage becomes high, it will become easy to 
carry put the dielectric breakdown of the sintered compact, and production of a piezoelectric- 
ceramics constituent will become difficult. Therefore, an electric field impressed in the case of a 
poling process is set to 1.0 - 2.0Ec. A desirable impressed electric field is 1.1 - 1.8Ec, and a 
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more desirable impressed electric field is 1.2 - 1.6Ec. Here, the electric field E in the case of a 
ferroelectric and a relation of the electric polarization P are shown to dra w ing 2. As shown in 
draw ing 2, when direction of an electric field is reversed and an electric field is impressed 
conversely, polarization is set to 0 by an electric field of -Ec. This electric field is the coercive 
electric field Ec. 
[0032] 

If poling process time will be less than 0.5 minute, polarization becomes insufficient and sufficient 
characteristic cannot be obtained. On the other hand, when poling process time exceeds 30 
minutes, time which a poling process takes becomes long and productive efficiency is inferior. 
Therefore, poling process time is made into 0.5 to 30 minutes. Desirable poling process time is 
0.7 to 20 minutes, and more desirable poling process time is 0.9 to 15 minutes. 
A poling process is performed in insulation oil heated by temperature mentioned above, for 
example, a silicone oil bath. A polarization direction is determined according to the desired mode 
of vibration. Here, let a polarization direction be the direction shown in drawing 3 (a) to consider 
the mode of vibration as thickness slide vibration. Thickness slide vibration is vibration as shown 
in drawin g 3 (b). 
[0033] 

( Heat treatment) 

Next, a heat treatment process important for this invention is explained. 
Heat treatment temperature is suitably set up within the limits of less than 0.68 or more time 
Curie-temperature Tc of Curie-temperature Tc. Depolarization will be carried out if heat 
treatment temperature becomes more than Curie-temperature Tc. Therefore, less than Curie- 
temperature Tc makes heat treatment temperature into 0.98 or less time of Curie-temperature 
Tc desirably. On the other hand, if heat treatment temperature is less than 0.68 time of Curie- 
temperature Tc, profits of this invention called improvement in heat-resistant by heat treatment 
cannot fully be enjoyed. 

Desirable heat treatment temperature is 0.74 to 0.96 time the Curie-temperature Tc, and still 
more desirable heat treatment temperature is 0.80 to 0.90 time the Curie-temperature Tc. As 
mentioned above, Curie-temperature Tc of a piezoelectric-ceramics constituent of this 
invention is not less than 340 ** and not less than 350 more **. 
[0034] 

Heat treating time is made into 1 to 100 minutes in a heat treatment process in this 
embodiment. If heat treating time is less than 1 minute, an effect of improvement in heat- 
resistant by heat treatment cannot fully be enjoyed. On the other hand, if heat treating time 
exceeds 100 minutes, since time which a heat treatment process takes will become long, it is not 
desirable. Desirable heat treating time is 1 to 40 minutes, and still more desirable heat treating 
time is 1 to 20 minutes. As an example mentioned later shows, when heat treatment temperature 
is as higher as less than 0.74 or more time Curie-temperature Tc of Curie-temperature Tc, even 
if heat treating time is less than 30 minutes and a short time, an effect of improvement in heat- 
resistant by heat treatment can be enjoyed. On the other hand, it is desirable to make heat 
treating time into 30 minutes or more, when heat treatment temperature is as lower as less than 
0.74 time of 0.68 or more time Curie-temperature Tc of Curie-temperature Tc. 
And what is necessary is just to set heat treating time to heat treatment temperature in this 
heat treatment process become below 500 (** and time) about a product of heat treatment 
temperature and heat treating time. It is desirable to perform heat treatment after a poling 
process and before vibrating electrode formation. A heat treating atmosphere in particular is not 
limited and can be heat-treated, for example in the atmosphere. Heat treatment can be 
performed, for example using a reflow furnace. 
[0035] 

By passing through the above process, a piezoelectric-ceramics constituent in this invention can 
be obtained. A piezoelectric-ceramics constituent in this invention shows the outstanding 
characteristic of |deltaF0|<=0.1%, |deltaFr|<=0.1%, and |deltak1 5|<=3%. |deltaF0| can be made into 
0.075% or less and 0.05 more% or less by making more desirable a presentation, poling process 
conditions, and a heat treatment condition of a ceramic composition. Similarly, |deltaFr| can be 
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made into 0.075% or less and 0.05 rnore% or less. | About deltak15|, they are 2% or less and 1 

more% or less. 

[0036] 

A vibrating electrode is formed after a piezoelectric-ceramics constituent obtained after heat 
treatment is ground to desired thickness. Subsequently, after being cut by desired shape with a 
dicing saw etc., it will function as a piezoelectric element. 

A piezoelectric-ceramics constituent in this invention is suitably used as a material of 
piezoelectric elements, such as a resonator, a filter, a resonator, an actuator, an ignition element, 
or an ultrasonic motor. Curie— temperature Tc is as high as not less than 340 ** especially, and a 
piezoelectric-ceramics constituent [ in / in |deltaF0| / 0.1% or less and low this invention ] is 
suitably used as a resonator. 
[Work example 1] 
[0037] 

On condition of the following, the piezoelectric-ceramics constituent in which the mode of 

thickness slide vibration is shown was produced, and the characteristic was evaluated. 

As a starting material, PbO, Ti0 2 , Zr0 2 , MnCOg, Nb 2 0 5 , and Si0 2 powder is prepared, After 

carrying out weighing so that it may become Pb[(Mn 1/3 Nb 2/3 ) Q 10^051^039^ ^3 ^ rst ' as 
opposed to the gross weight of each powder by which weighing was carried out — Si0 2 — 

0. 02wt% and MnC0 3 — 0 - 0.7wt% — it added and wet blending was performed for 10 hours 

using the ball mill. After fully drying the obtained slurry, temporary quenching held at 850 ** for 2 
hours was performed among the atmosphere. Pulverizing powder was dried, after pulverizing with 
a ball mill until a temporary-quenching object becomes the mean particle diameter of 0.6 
micrometer. To the dried pulverizing powder, a proper quantity of PVA(s) (polyvinyl alcohol) were 
added and corned as a binder. Granulation powder was fabricated by the pressure of 245MPa 
using 1 axis press-forming machine. After performing debinding processing to the acquired 
Plastic solid, it held at 1200 ** among the atmosphere for 2 hours, and the sintered compact 
with a 1 7.5 mm by 1 7.5 mmx thickness of 1 .5 mm was obtained. Curie-temperature Tc of this 
sintered compact is 358 **. 
[0038] 

After grinding both sides of the sintered compact and being referred to as 0.5 mm in thickness, 
the 1 5 mm long and 5 mm wide specimen was obtained using the dicing saw. The electrode for 
poling processes was formed in the both-ends side (side in alignment with a longitudinal 
direction) of a specimen. Then, the poling process which impresses a 4.2kV/mm electric field 
(1.5Ec) for 1 minute in a 150 #* silicone oil bath was performed. The polarization direction was 
made into the direction shown in drawing 3 (a). Then, the electrode for poling processes was 
removed. The size of the specimen after electrotreatment is 0.5 mm in 15 mm by 4 mmx 
thickness. 
[0039] 

Subsequently, it heat-treated in the atmosphere on the conditions shown in Table 1 to a 
specimen. After grinding both sides of the specimen in which heat treatment was performed and 
being referred to as 0.3 mm in thickness, as shown in drawing 4 using a vacuum evaporator, the 
vibrating electrode 2 was formed in both sides (ground both sides) of the specimen 1. The 
vibrating electrode 2 comprises a 0.01 -micrometer-thick Cr foundation layer and 2-micrometer- 
thick Ag. Drawing 4 is a sectional view (sectional view of a thickness direction) of the specimen 

1. The lap of the upper and lower sides of the vibrating electrode 2 was 1.5 mm. 
[0040] 

Then, the piezoelectric element with a 4 mm by 0.7 mmx thickness of 0.3 mm was started from 
the above specimen 1. In this way, the oscillating frequency F0 of the obtained piezoelectric 
element was measured. The oscillating frequency F0 was measured using the frequency counter 
(Agilent Technologies make 531 81 A). 
[0041] 

Subsequently, after wrapping a piezoelectric element in aluminum foil and being immersed in a 
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265 ** solder bath for 10 seconds, the piezoelectric element was taken out from aluminum foil 
and it was made to allow to stand among the 24-hour atmosphere at a room temperature, in 
order to evaluate the heat resistance of each piezoelectric element. After this heat test, again, 
the oscillating frequency F0 was measured and deltaFO was calculated based on above- 
mentioned formula (2) - (5) (the oscillating circuit used the oscillating circuit of Colpitts). The 
result is shown in Table 1. It could be C L1 =C L2 =22pF (C L =1 1pF) among the formula (2). Here, C L 

is supplied from other than a piezoelectric element, and is not changed before and after a heat 

test. deltaFO was calculated in the same procedure also by the following examples. 

[0042] 

( Comparative example) 

Except for the point which did not heat-treat, the element as a comparative example was 
produced on the same conditions as the above. deltaFO was calculated also about the element of 
the comparative example. The result is also collectively shown in Table 1 . 
[0043] 
[Table 1] 





IVinOL?3 \)NZ&} 


AFO 

(%) 




1 


0 


-0.17 




2 


0.05 


-0.17 


3 


0.20 


-0.40 


4 


0.30 


-0.38 


5 


0.50 


-0.42 


6 


0.70 


-0.51 


7 


0 


-0.1 1 


305°C=0.85Tc. 
10min 


8 


0.05 


-0.01 


9 


0.20 


-0.03 


10 


0,30 


-0.03 


11 


0.50 


-0.03 


12 


0.70 


-0.12 



[0044] 

As shown in Table 1, the value of deltaFO is greatly different by the sample (sample No. 1-6) 
which did not heat-treat, and the heat-treated sample (sample No.7-12). The addition of MnC0 3 

as an accessory constituent also showed changing deltaFO. 

sample No.8 which has the presentation which this invention recommends and performed specific 
heat treatment - 1 1 -it has checked that the outstanding characteristic of <= [ -0.05% of ] 
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deltaF0<=0.05% was shown further <= [ 0.1% of ] deltaF0<=0.1%. [ and ] here — as an accessory 
constituent — MnC0 3 — 0.05wt% — especially about sample No.8 added, that the value in 

which deltaFO was excellent with -0.01% is shown attracts attention. 

[Work example 2] 

[0045] 

as opposed to the gross weight of each [ after carrying out weighing of the end of precursor 
powder so that it may become Pb[(Mn 1/3 Nb 2/3 ) 0 io Ti 0 51 Zr 0 39^ °3 ^ P° wder — s '°2 — 0.02wt% 
and Cr 2 0 3 — 0 - 0.7wt% — it added. The piezoelectric element was produced in the same 

procedure as Example 1 using this end of precursor powder. However, a poling process shall be 
performed by impressing the electric field of 1.5Ec for 1 minute in a 150 ** silicone oil bath, and 
a heat treatment condition shall be shown in Table 2. The Curie temperature of the obtained 
piezoelectric element is 357 **. 

Then, deltaFO was calculated on the same conditions as Example 1. The result is shown in Table 
2. The value of the electric field impressed on the occasion of a poling process was also shown 
in Table 2. Although the value of the actually impressed electric field is different for every 
piezoelectric element, each electric field in the case of a poling process is 1 .5Ec. 
[0046] 
[Table 2] 





r\ /, .,+,0/ \ 


<kV/mm) 


AFO 
(%) 




13 
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2.6 


-0.17 




14 


0.05 


2.6 


-0.17 


15 


0.10 
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16 


0.20 


3.7 


-0.24 


17 


0.30 


3.8 


-0.22 


18 


0.50 


3.5 


-0.26 


19 


0.70 


3.5 


-0.55 


20 
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2.6 


-0.11 


305°C=0.85Tc, 
10min 


21 


0.05 


2.6 


-0.02 


22 


0.10 


3.5 


-0.03 


23 


0.20 


3.7 


-0.03 


24 


0.30 


3.8 


-0.03 


25 


0.50 


3.5 


-0.04 


26 


0.70 


3.5 


-0.11 
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[0047] 

As shown in Table 2, by sample No.13 which is not heat-treating - some 19, the effect of 
improvement in deltaFO by content of Cr cannot be acquired. However, about sample No.20-26 
which heat-treated, deltaFO is smaller than sample No.20 in which the direction of sample No.21 
containing Cr of the specified quantity - 25 does not contain Cr. and Cr 2 0 3 as an accessory 

constituent — 0.05 - 0.50wt% — added sample No. — 21-25 show the outstanding 
characteristic of <= [ -0.05% of ] deltaF0<=0.05%. Thereby, it has checked that Cr was an 
element good when heat treatment is applied and deltaFO is raised. However, in order to have 
made deltaFO into 0.1% or less in the absolute value since deltaFO became -0.1 1% when the 
addition of Cr 2 0 3 became 0.70wt% (sample No.26), it has checked that it was effective to use 

less than 0.65wt% by Cr 2 0 3 conversion as for the amount of Cr(s). 

[0048] 

Here, the result of having calculated delta Fr and delta k1 5 is summarized in Table 3, and is 
shown about sample No.7-12 produced in Examples 1 and 2, and 20-26. delta Fr and delta k15 
were calculated in the following procedures. 

The resonance frequency Fr was measured using the impedance analyzer (Agilent Technologies 
make 4294A). The electromechanical coupling coefficient k15 was measured using the impedance 
analyzer (Agilent Technologies make 4294A) in about 4 MHz of test frequencies. The 
electromechanical coupling coefficient k15 was calculated based on the formula (6) shown below. 

After it wraps the piezoelectric element as sample No.7-12, and 20-26 in aluminum foil after 
measuring the resonance frequency Fr and the electromechanical coupling coefficient k15, 
respectively, and being immersed in a 265 ** solder bath for 10 seconds, the piezoelectric 
element was taken out from aluminum foil and it was made to allow to stand among the 24-hour 
atmosphere at a room temperature. After this heat test, again, the resonance frequency Fr and 
the electromechanical coupling coefficient k1 5 were measured, and delta Fr and delta k1 5 were 
calculated, delta Fr and delta k15 were calculated in the same procedure also by following 
Examples 3. 
[0049] 
[Table 3] 
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AFr 

I (%) 


Ak15 

(%) 


warn 
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MnC0 3 


0 


0.11 


-1.10 


1 0min 


8 


0.05 


0.01 


-0.69 


9 


0.20 


0.05 


-0.60 


10 


0.30 


0.06 


-0.60 


11 


0.50 


0.06 


-0.65 


12 


0.70 


0.11 


-1.20 


20 


Cr 2 0 3 


0 


0.12 


-1.10 


305°C=0.85Tc. 
10min 


21 


0.05 


0.03 


-0.58 


22 


0,10 


0.04 


-0.49 


23 


0.20 


0.01 


-0.60 


24 


0.30 


0.03 


-0.70 


25 


0.50 


0.02 


-0.70 


26 


0.70 


0.04 


-1.05 



[0050] 
[Equation 6] 



1 7V Fr 
k l5 = J cot 



( 7C Fr\ 



2 Fa 



V 



2 Fa 



J 



■5£ (6) 



it (6) Fr :^SI9^ Fa : 



[0051] 

Table 3 showed that delta Fr and delta k15 deteriorated, when a MnCOg addition was 0.70wt% 
(sample No.12). When the addition of Cr 2 0 3 was 0.70wt% (sample No.26), it turned out that 
deltakl 5 deteriorates. 

The sample (sample No.8-11, 21-25) which, on the other hand, has an addition of the addition of 
MnCOg, and Cr 2 0 3 within limits which this invention recommends all, deltaFr was able to have 
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the outstanding value of -0.l%<=deltaFr<=0.1% and <= [ deltakl 5-1 .0% of] deltak15<=1.0%. 

[Work example 3] 

[0052] 

The piezoelectric element was produced on the same conditions as the above-mentioned 
Example 2 except the conditions of a poling process and heat treatment having been shown in 
Table 4, and having fixed the addition of Cr 2 0 3 to 0.5wt%. The Curie temperature of the obtained 

piezoelectric element is 366 **. 

And the heat test was done on the same conditions as Example 2. The characteristic change 
before and behind a heat test is shown in Table 4. 
[0053] 
[Table 4] 
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[0054] 

delta F0, delta Fr, and delta k15 are changed by fluctuating the conditions of a poling process 
and heat treatment, as shown in Table 4. The effective thing has been checked when obtaining 
the piezoelectric element which excelled [ control / a presentation and not only a heat 
treatment condition but / of poling process conditions ] in the heatproof by this example. 
[0055] 

Although the above-mentioned example showed the case where the mode of vibration obtained 

the piezoelectric-ceramics constituent of thickness slide vibration to the example, of course, it 

is also possible to obtain the piezoelectric-ceramics constituent which has thickness longitudinal 

oscillation mode and double wave mode by making a polarization direction etc. into a 

predetermined thing. 

[Brief Description of the Drawings] 

[0056] 

[Drawing 1] It is a figure showing the equivalent circuit of a piezoelectric resonator. 

[Drawing 2]It is a figure showing the electric field in the case of a ferroelectric, and the relation 

of electric polarization. 

[Dr awing 3] It is a figure for explaining a polarization direction. 

[Dr awing 4] It is a sectional view (sectional view of a thickness direction) of the specimen after 
the vibrating electrode was formed in up-and-down both sides. 
[Description of Notations] 
[0057] 

1 — A specimen, 2 — Vibrating electrode 



[Translation done.] 
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#3PJ&-£^T, 0. 95S«^l. 01, 0. 49^y<0. 6Ce*l>iiWt 
L<, 0. 95^<r^l. 0 OT^SitWljjifl L^o 
J fc#lfc§l<*>ffi««5&ffiJfcl&HU A F 0 jWtetf-llrc 0 . 10 %mr t V» d #14 1 , 9m 

&b<DimB*£if&w&£v&<Dmxffiffi<Mmk 1 5«o»a k 1 5 

[0 0 0 9] 

<fc *u£, »f!M£fc«:ftjfcJEm»3Sj&&&*#4 italic 
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[0 0 10] 

[0 0 11] 

*3&m SMM^m^m it, Pb, Zr, Ti^±i^n^n^*^hM 
[0 0 12] 

[&i] 

Pb t [ (Mn 1/3 Nb 2 /s> JijZrJOa • * *^ (l) 

(1) «f v 0. 95^o^l. 02, 

0. O 2SxS0. 1 5, 

0. 48gyS0. 6 2, 

0. 30^zS0. 



[0 0 13] 

5^(1) 4»fci3»t*«, y^JiIfz^lEjESISSrSiW-r** 

Pbt^tait o. 95<^i. o 2<Dmmt-r^>o «**o. 9 5*st-eii. «t 

1. 0 2<DHmt-tZ>o aOliU^IiiO. 96<«^1. Oh £*)MiLV> 
*£HI4 0. 97^a^l. OOT'^o 
MnWi^Nbi^gnxIt 0. 02^x^0. 15tf)«Iin o xtf s 0. 

o 2 ^mxit, tm%%mfe*n2> z t *mmx^> & 0 — x o . 15 t . 

9fSO»Hfctt*#*ii:*«TrS*Vi 0 iot, x }±, 0. 0 2^x^0. 15£>$fcB£T 
&o x©Ii LVMfcHMtO. 03^x^0. 12. J:*)S4Lv>ttHf4 0. 0 5^x^0 
. 1 i-e&& 0 

Tii^tylt 0. 48<y<0. 62<^fEat« 0 y# s 0. 4 8*Tp|-ei4, ^ 
itm^o y^ s o . 6 2 *Mx-2> tttMRE c < £ 
»9> +fr£^£-r&£t# s fflfl£&&o iot, y fi, 0. 48<y<0. 6 2^>«6H 
t«o y<omiL^mmH0. 4 9^ y?S 0. 6 0> J:>j3S LwttHttO. 50<y 
^0.5 5-C^^>o 

Zr*=gr^i-zi4, 0. 3 O^z^O. 5 0 <DWm bT&o ztfO. 3 0*iT1iK;l 
#Ec^l<^^ t^^tJiW«i:iSo — ^ zj&*0. 50£jS/l& 
}^3<3»!l^£#* av><, iot, zii, 0. 3 O^z^O. 5 0^151 

ttSo z(Dll LV><fiBBttO. 36^z^0. 4 6> <fc Lv^fflli 0 . 3 7 ^ z 

^0. 4 2-C&S0 
j£ (1) tc^3V>T> x + y + z= lfUiHllU^ 
[0 0 14] 

mtiifc^ii, Mn^lii^^i^t^ltti^^o SIMS" 2: L 
TMnmtSi^H^^t, giU>Mnili, 5£ (l) b « [ (Mn 1/3 Nb 

2/3 ) I Ti r ZrJO 3 i;fLTMnCO 3 t*'e0. 6 5wt%KT (fiU 0*^if 
) > £*)ti£ L^Mntii 0 . 5 0 w t %JslT tfSU 0lr#lf) -e&& 0 ££>KSI3: 
U^MnfliMnCO 3 Ift0. 01-0. 4 0 w t %> J: *3 — ®H£ L^M n*fi: 0 
. 0 5 - 0. 3 0 w t %-e&&o 
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TC^-e^^o C r Z&^-f&Wi&KiS^X. If U>Cr©iii^ (1) ffoDP b a [ ( 
Mn 1/3 Nb 2/3 ) X T i y Z r j0 3 ^tLTC r 2 0 3 &ireO. 6 5w t %£TF tt&U 

O^fT) . J^SIi: LV>C rfiiO. 5 0 w t %\>XT (tU O^lf) T^^ 0 

?f>Clf U^Crl(iCr 2 O 3 ifT0. 01-0. 30wt%, <£ — JtSf: LV>C 

rliiO. 01-0. 10wt%t^ o 

Mn^iTCr ^^^n-T^.^^ te-£-fft*£ 0. 01-0. 65wt%> S 

iL<ii0. 01-0. 50wt%, J:V)MfL<JiO. 02-0. 3 0wt%, — 
illKliO. 0 2-0. 2 0wt%tn o 

[0 0 15] 

JtfBLfcMn*J:OV£fcW:C r fcjflUtT, HMfrfc LT3f^f©A 1 is J: ?>V $ tz it 
S c Mnii^Ho A 1 0^(±M^#<7)5^^|qI±$^:^^-e^-e^&o 
HM^t LTA 1 Z^-r&M&K&^X, mt LV^A 1 Sfi. 5£ (1) t©P b a I ( 
Mn 1/3 Nb 2/3 ) X T i y Z rj0 5 t:MLTA l 2 0 3 Mt2. Owt%^T (fiU 0 
^^•f-f) v ZtyMZ bv>A ISfil. 5wt%JSLT CSU OSr-^f-f) "e&&o $ €> 
lv^a i *{iA 1 2 o s !&3reo. 3-1. 0wt%-e$S o 

TSc ^m-t^m^K^X, mt t^Sctlt j£ (l) 4*OP b « [ (Mn l/3 Nb 
2/J )»Ti > Zr I ]0 3 WLTSc 2 0 3 »fT2. 0 w t %&T (fiU O^lf) , 
«fc Lv>S cittl. 5wt%&T (ffiU 0£^2-f) X$>2><> ?f,i:IfU^S 

citis c 2 o } iif-eo. 3~i. Owt%-ew, 

[0 0 16] 

o s i o 2 (?)Mtt-b7 5 -7^^^^jK^[^±^«±-e^-e*So s i o 2 ^^r« 

3§^Ki3V*T> Mf LV^S i 0 2 *f3\ 5£ (1) *<^P b « [ (Mn 1/3 Nb 2/3 ) X T i y Z 
r 2 ]0 3 K*J-LTO. 0 0 5-0. 0 5 0 w t 96. <fc «5^f LV> S i 0 2 *{i 0 . 0 0 5- 
0. 0 4 0wt%, ?t)t:ifU>Si0 2 ittO. 01-0. 0 3wt%T^S o 
[0 0 17] 

orJ£Ut-e$,s^t^f L^ 0 

[0 0 18] 

fit±<DMMtl»ffl}: i ^EllWilit lAFOl^O. 1% (-0. 1 
%<AF0^0. 1%) irv^^EtL^iiia-^tt^U 9 t LX&MKm^hti& 

o 

[0 0 19] 

) - (5) ?)p#e^&;z, 0 BEm*^o^#ia^iii k^lx^< 0 mi*, r 

[0 0 2 0] 
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B&2] 



(2)/f\ FO :*S£JBm& Fr : ASUI&ft. C, : E^fi, C 0 : 3fe 
ai#*T?*>3. C L i*5£ (5) X^mZfrZo 



[0 0 2 1] 
[|fe3] 

C, = Fa2 ~f r2 Cd ... ^ (3) 
Fa 



fc:fe\ S: (3) 4«. C 3 :PJtft, Fa : ££SUH&& Fr : Cd : 



[0 0 2 2] 
[#4] 



C^Of-C, ... 5£ (4) 



* (4) *\ C 0 : ^iJ^S, Cd : i&^S. C, :W&mMl?&Z>o 



[0 0 2 3] 
[&5] 



fc:*5 % 5£ (5) «f\ C u :A^f3S* % C L3 :5UHr*4t?a>5o 



[0 0 2 4] 

St (2) »$tFr, iFJftC^ M?0#*Co. C.fcV^4o 

©Ay^WfWiF 0 coffite^-T^o LT, 5t (3) ~ (5) ^i"J: -7 K 
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[0 0 2 5] 

* * , (' i * mmm^mMm »±> a f 0 kmjl > e> <7>f&»£$tt & ar* 
<t c^»^>*sfliaafeF r (omtmA f r otf> *«ji^f r comtrn^ f r r 
a f r j fc ) vmMmm&mk k 1 5 <?)ift$A k 1 5 obit\ m^rnm^- 

#$Ck 1 5 0WAk 1 TAk 1 5J k^*>) Hov^T^^^^-To * 

*miK£&J£ffi&%ffij&®K£*li^ lAFOl^O. i%tv»5#ttit 
lAFrl^O. 1% (-0. 196^AFr^O. 1 96) 33 X 0 s | A k 1 5 I ^ 3 
% (-3%^Ak 1 5^3%) £v^#te£*frr£di3&s-e££ 0 *HWKJ: 

. & v> itm^m^- 9 m^mum^ttm t lt & fistic jbv* t>ti%, 0 

^Ktc^^tSAF r^Jrt^A k 1 5 <&m±, JdtLfcAFO |WI*<7>2 4l^fi8»f&iam 
tlo'V^ "C3ti6 tz i> <d-?$> 2> o 
[0 0 2 6] 

<mmjm> 

[0 0 2 7] 

#K)i:ftPbO»*> T i 0,»*, Zr0 2 S^ MnC0 3 t*, Nb 2 0 5 ^f?rffl 
v^ii^Ho JS*H»*|±^ (1) (DmjSLk&i,* 3 )^ ^tifMlt^o 

. M n C 0 3 , C r 2 0 3 gyTeO . 6 5 w t %J£JLTi3S#Di-&o Ifljfc43^SS*HB*fc LTf* 

k e, £ k s i o a »*«rswirr*o #ic*m*<wi«g«: o . 1 - 3 . o M m<om 

k LT*> 
[0 0 2 8] 

mw&ttw&m&Lfz^ 700-950 r^Hfa-e^f^^w^-ra^^fi 1 ? 

o £<D*:iO&H^U*N 2 itzitt&k-ftltX <t^ 0 ^O^ff^MtiO. 5-5. 0B# 
HOtifltJWtiitf «t v>„ 4R&tk IKJMifrSrMx. »*¥:£*fcg 0 . 5 - 2 . O^mfi 

[0 0 2 9] 

^#^i*> *F$ffiK *frt- -htz#> Km$k k mM zfi&o z<z>m, nwn 
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* ^cv^\ Sm»5k£2 0 0-3 0 0MP a<&JBE#^ffi£BU MS©3^R<^J*3^#* 
[0 0 3 0] 

OCA) 

*3Wfc«JfllLfc/*>r >^*IMirLfc4&> 1 1 0 0- 1 2 5 0 r<**6HI*JT?BrS&$MJifc 
f#^M«fL»^#^o £<0fc§<a#H&l4N 2 Sfcl4;^fc^*U*J:i/> 0 Jflf* 
PSWI4 0 . 5-4 WI^)*l-Clia?tiilfJ: 
[0 0 3 1] 

m&ftK&meMM<oWB&]mi'i!i&. ftwrnzfrio 50-300 
xxoMstc. 1. o~2. oec (Ec mjm^) (Dmwz^fcKft uo. 5-30 

5 0 t;*Wfc * . E c < ?£%>tz fc^SUE^ < £ *K £-«5& s 

T«fcie>#B&&*a*ii:>S:** iot> frfiB&MR 14 5 0-3 0 Otttl»o gf 
a-©aMJ£J4 6 0-2 5 0*0. £>)3K$LV)&flBSa&J&tt8 0-2 0 om-&o 

epinrrsmn^ 5 1 . 0E C £Tis£££*WitfrL&v> o — # % epifn-rsm#^ s 

MS«i^^o 4oT. 5-»31<7)^gpiDi-sm#ii 1 . 0-2. OEcit 

So Si L^epinm^m . i~i. sec. zvMtL^mmmzi. 2-1. 6E 

fflfiO kta2> a i©t#i%l#E c 
[0 0 3 2] 

0. 7~2 035\ 4 L^frWOM&ffl 14 0 . 9~15K^ 0 

<9*gg&t L »4> frm%faZm3 (a) Hi^Ufc^lfiIfc«o ^ » t 

14. H 3 (b) Km-TXo^^M^^o 
[0 0 3 3] 

^ka^JKi4, * a «J -SjgT c <7) 0 . 6 8§^a'J -g&T c *»<Dl£Hl*|-?Si 
lfeM;3SfiJKi4^^'J-^Tc*Tix a^L<t4^^';-^Tc<7)0. 9 8fJ^Ttt 

So syasajfeft^ » >j -a^T coo. 68 ^£t@ * t > j&gyifc 4 

SSLH!y8«£fl&4*iy-MTc<J!>0. 74~0. 96^, ?f>t:IJU^lSl 
S^(4^r^';-^JgTcCD0. 80-0. 9 QfTC&So £45, ±i£Lfc 4 d 
<9ffi*«g^«&tt*Ay-ffl£Tc**3 4 OtJJBU:. 3feKfi3 5 0 £<> 

[0 0 3 4] 

tl^^o — HfcftsaWNW** 1 0 O53*£0;t££:, «lI©:It?>^H^<*^ 
fc»MSP4 L<4?v\, S£i Lv^iy&SBtfWte 1 -4 ofl\ £ hKMt L^M^MWmit 1 - 
2 o 5-e& * o ^ti"S*-Sfe^-e^i- 4 1 mteMMStiP* a'J- c O 0 . 7 4 
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m&*x-V-MStT c<V0. GS^l^a'J-StTc^O. 7 4^£*iii!Hg;#-£ 5 && 
[0 0 3 5] 

Ki5\f2>Kmm&mj£m±, I AF0 l<0. 1%. lAFrl^O. 1%, I A k l 5 

1 ^ 3 % t v> 1 mutzmn^-to an mj&®<vm£, «t rmsm^®-* 

<t»9M$LV^<?)ti-J6ifc-e N |AF0I£0. 0 7 5%^T, ^?>t:|iO. 0 5 

I AFr 1*0. 0 7 5%jsn=\ SfcfcttO. 0 5 %J£l 
TmttmJ. I Akl5 U:o^tli2%JJJlT, §t>K»il%JBlTfci-4ifc 

[0 0 3 6] 

y -SJST c^3 4 0 *CJ£lJht A < , *o I AF0 1^*0. 1 %JBlTfc«V>3WWifc*tf 
1 ] 

[0 0 3 7] 

mHiifl-t LT> PbO, Ti0 2 , Z r 0 2 , MnCO,, N\> z O s &£XFS i 0 2 *fcfc 
**fltU tTPbC (M ni/J Nb 2/3 ) „.io T io.siZ r.^JO^^i^f^tL 
fct, ti^^t^flll^LTS i O^O. 0 2 w t 96, MnCO 3 £0~0 

. 7wt%iiu tf-)p^)i'*m^xw£M&* i on^Mffofco #s>*Lfc*?»j-* 

Lfco 3&fc^3fc£ lW^^i»ffl^T2 4 5 MP aOBE^-e^BL^o 
fft^fC^ >* , «s3£fTofc|fe, A^*, 1 2 0 0r-C2B#W«#L"C, «1 7 
. 5mmX|l7. 5mmX|Sl. 5 mm<3D^ig#£#fco £<?>8&£4£<D*x. V -SK 
Tcli3 5 8*C-e&& 0 
[0 0 3 8] 

^#<7>W®£5F^L"Cff$ 0. BmmtUft, ^ ->V^V-£JBv>"Ofcl 5 mm 

ffi*3&feLfc 0 15 0t^)->'j3>i^We4. 2kV/mm©i#(l. 

5Ec) Srl^MEPin«^®8!SI*ffo^o ^M^fi. 0 3 (a) fc^Lfc# 

»15ramX|4mmX)|?0. 5mmT*4, 
[0 0 3 9] 

J&H-tf>flSffi£fflgU !?2 0. 3mmi: LfcSU lt^fil*fflv^®4 K^-T «fc 3 t* 
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m&r i v>mm(ffim2ti>tenwKW&wm2 £jml£ 0 mmmM2 am* o. o 1 M 

m©C rTi&mtmZ 2 ^m<DA g bfrhmJ&ZH&o 04 {±> » 1 <Dmmm 

[0 0 4 0] 

ia±«DlW-l^f)||4mmXiO. 7mmX)|?0. 3 mmOEtf? ^« 

V) m l^o ^ i ^nhtitzi±nm*<vmmmiLF o ^in^L^ 0 mmmkF o iijs 

(7y^>ff^ya-/Hi|| 53 18 1A) *m^XfflmLtz 0 

[0 0 4 1] 

^M^-^fco ^<ommmk<D^ mmMmtFozwrnv, ±.mvtz$: (2) ~ 

*Bll~X<-fo ^ (2) «K C L1 = C L2 = 2 2 pF (C L = 1 lpF) i Lfz 0 £ 

[0 0 4 2] 

(Jfcg£M) 

[0 0 4 3] 
[^1] 





MnCO 3 (wt50 


AFO 

(%) 




1 


0 


-0.17 




2 


0.05 


j -0.17 


3 


0.20 


-0.40 


4 


0.30 


-0.38 


5 


0.50 


-0.42 


6 


0.70 


-0.51 


7 


0 


-0.11 


305°C=0.85Tc, 
10min 


8 


0.05 


-0.01 


9 


0.20 


-0.03 


10 


0.30 


-0.03 


11 


0.50 


-0.03 


12 


0.70 


-0.12 



5O°C0-> , J=J>^--<;U?g4 : 't:\ 4. 2kV/mm0>SJf.<1. 5Ec)£l ^JMlEilft] 
[0 0 4 4] 
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Um- Wo. 7-12) fc-eii. AFO<Dm^ <ffiiaUTV^ 0 ttz, Wlf&frt 

^LT. ^H^m^i--2»|asfc^L> «g(?)M^ffo^No. 8-11 
-0. 1%^AF0<0. 1%. 05%^AF0^0. 05%tV>-? 

MtL^'te^i-ifc^^-et^o iiT, mmfrt UMnCO 3 ^0. 0 5wt% 
•MLTtr^No. 8Cov>m AF0^-0. 0 1 % t, #M^cfit^LT</^ 

[*1M2] 
[0 0 4 5] 

WMnM*. P b [ (Mnx/.Nbi/,) ,.„T i Z r,.„]0, i:*4 i ^ CffiL io 
fclfc. #»^tlttf LTS i O 2 £0. 02wt%, Cr 2 O 3 ^0~0. 7wt% 

ll^kSfi 15 0 T^-^'j 3 ;v^.ftJ-e 1 . 5 E c 1 ^MepiDi-S £ £ K J: {9 

[0 0 4 6] 



(12) 3P 4169203 B2 2008.10.22 





Cr 2 0 3 (wt%) 




AFO 


mm. 


13 


o 


2.6 


-0.17 




14 


0.05 


2.6 


-0.17 


15 


0.10 


3.5 


-0.17 


16 


0.20 


3.7 


-0.24 


17 


0.30 


3.8 


-0.22 


18 


0.50 


3.5 


-0.26 


19 


0.70 


3.5 


-0.55 


20 


0 


2.6 


-0.11 


305°C=0.85To % 
10min 


21 


0.05 


2.6 


-0.02 


22 


0.10 


3.5 


-0.03 


23 


0.20 


3.7 


-0.03 


24 


0.30 


3.8 


-0.03 


25 


0.50 


3.5 


-0.04 


26 


0.70 


3.5 


-0.11 



[0 0 4 7] 

M2K^-?£*>K, !ft^S£ffoTV>&v*l5t#No. 13-19 KXoTlt, Cr^ 

No. 2 0-2 6^o^TI;j\ 3t^*<t>C r LTV>&|5$iBj-N o . 2 1~2 5^ 5 

> Cr^tLTV^iV^No. 2 0 <fc 4) A F 0#Vh$v> o ^ LT, ©Mfri: LX<D 
CrjO 3 ^0. 05-0. 5 0 w t %^iDb7t^fl-No. 2 1-2 5 {±-0. 0 5%^ A 

fo^o. o 5%t^dmtitz!W'&z^-r„ ztiKx*)^ c r &m$m.*^mLfzm&K 

AF 0 &fa±Z^&±X&&t£it : M'e$>Z>Z-kj}mU-V-£tzo {IU c r 2 o 3 <Dmm& 
0. 7 Owt% (f^No. 2 6) AFO^-0. 1 l%k%:Z>Ztfrh, A 

F 0 £#&£NI£-e 0 . 1 %i^T<!:i-&^fi. C r*{iC r 2 0,^«-eO. 6 5wt%J£lTi: 

i 1 £ji-e& & £ t a*gg©-c§ fee 

[0 0 4 8] 

*ife^Jl. 2-^#^Lfc|**t-No. 7-12, 2 0~2 6}:o^T, AFr* 
XXfAk 1 5 ^^^7trftlP:$r^3 t'f t*6T^LTi3 < 0 AF risJr^Ak 1 5(ittT«0 

*$gJl-$E^CF r ii-f y\d-tr>*T1-<74*f (7*SU> Y-r? /D-/SiS4 2 9 4 A 
) ?rfflv^TiliJ^Lfco mnmm^%Wik 1 5li«ttli4MHz«^ 



(13) 
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nmmm&WMk 1 simr^-r^ (6) tat^s***:,, 
&mm$8SLF r * i tm%mm£&&mk 1 5 £^*i^*lmse §**tn o . 7 ~ 

12, 2 0~2 6 £ LT^ffiM^^SrT^^fS-Cfe*, 2 6 5 WltAsfzfeK 1 OfRg 

ssi^m. to. ^mmmmF r&x -cm^mm^m. k 1 5 £$os£ u a f r * <t 

Ak 1 5*^«>fco ^T©»J3t^ ^iCfffifAFr^i^Ak 1 5 £3t 

[0 0 4 9] 
[^3] 





IiM#(wt%) 


AFr 

(%) 


Ak15 

/AX \ 
(%) 




7 


MnC0 3 


0 


0.11 


-1 10 


305°C=0.85Tc. 
lOmin 


8 


0.05 


0.01 


-0.69 


9 


r» on 
U.2U 


0.05 


-0.60 


10 


0.30 


0.06 


-0.60 


11 


0.50 


0.06 


-0.65 


12 


0.70 


0.11 


-1.20 


20 


Cr 2 0 3 


0 


0.12 


-1.10 


fey 

305°C=0.85Tc. 
lOmin 


21 


0.05 


0.03 


-0.58 


22 


0.10 


0.04 


-0.49 


23 


0.20 


0.01 


-0.60 


24 


0.30 


0.03 


-0.70 


25 


0.50 


0.02 


-0.70 


26 


0.70 


0.04 


-1.05 



[0 0 5 0] 

me} 



7 \tz Fr J n Fr\ 
k 15 = J cot 



2 Fa {2 Fa J 



(6) 



fc*5, (6) * % Fr :&mm$L&. Fa : R#*H«*-T?*>S. 
[0 0 5 1 ] 

$3^f>, MnCO 3 ^iP*^ s 0. 7 0wt%«i^ (SftNo. 12) CliAFr* 
i A k 1 5 tf^-ffcrrs iiWofco ttz, Ci; OjOSUjUS^O . 7 0 w t %<DW; 
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& o . 2 6) K A k 1 5 &05<kr2> £ t tffrfr-o tc 0 

MnC0 3 <a«siHS\ C r 2 O s ^ilD*55 s ^^^i3l«$eHl*l^^>S^» ( 
KftNo. 8~1 1, 21-25) liV*1**L%, AFr)5 s -0. l%^AFr^0. 1% 
, Akl5^'-1. 0%^Ak 15^1. 0%t^^ tetLfcfe&&titf%> £ t i)*T?% jfc<, 

[0 0 5 2] 
[0 0 5 3] 



(15) 
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[«4] 



it! 
& 


£ 

>— ^ 

iBnfl 

(for 


O 

CO LU 

cm 


3 3 

[1.5Ec] 


2.7 
[1.5Eo] 


o 

O LU 
CM" 

LJ 


E 

X 

Ik 

"■3 


LO 
CO 


I LO 
CO 


CO 
CO 
CO 




C 

"s 
E 


LO 


LO 


o 

«r— • 


CM 


g 
ft! 


o 
in 


o 

LO 


O 

o 

CM 


O 
LO 
CM 




^- 

CO 

1 


CM 

T 


CO 

o 

1 


CO 

oi 
1 


T 


o 
1 


CO 

o 

i 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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[Drawing 2] 
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[Drawing 3] 
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[Drawing 4] 
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